Abstract. After describing the principles of the "in pool" and "dry" installations, techniques used in neutron radiography are reviewed. Use of converter foils with silver halide films for the direct and transfer methods is described. Advantages of the use of nitrocellulose film for radiographying radioactive objacts are discussed. Dynamic imaging is shortly reviewed. Standardization in the field of neutron radiography (ASTN and Euratom Neutron Radiography Working Group) is described. The paper reviews main fields o' use of neutron radiography. Possibilities of use of neutron radiography at research reactors in various scientific, incjstrial and other fields are mentioned. Examples are given of application of neutron radiography in industry and the nuclear field.
PRINCIPLES OF NEUTRON RADIOGRAPHY
All radiographic methods, whether making use of X-rays, gammarays or neutrons are based on the same general principle: that radiation is attenuated on passing through matter. The object under examination is placed in the incident radiation beam. After passing through, the beam that remains enters a detector that registers the fraction of the initial radiation intensity that has been attenuated, by each point in the object. Any inhomogeneity in the object or an internal defect (such as e.g. void, crack, porosity or inclusion) will show up as a change in radiation intensity reaching the detector.
Thus detection of defects in radiography is based on the observation of differences in radiation intensity after passing through the object under examination. This occurs according to the basic law of radiation attenuation: 
RADIATION SOURCES
There are three sources of neutrons available for neutron radiography: accelerators, radioisotopes and nuclear reactors.
Only the latter will be reviewed below. At present nuclear reactors provide the most intense neutron beams and therefore can produce neutron radiographs of the highest quality.
Two types of neutron radiographic facilities are used with nuclear reactors. In the "in pool" facility the whole neutron radiographic installation is immersed in the pool of the reactor. Here, irradiated reactor fuel rods, removed from the reactor core, are transferred to the neutron radiographic facility, where they are examined without removing thei» from the reactor pool. In the "dry" type facility a neutron beam taken out of the core of the reactot is used outside the reactor for neutron radiography.
The "in pool" and "dry" neutron radiographic facilities are shown in fig. 2 .
NEUTRON RADIOGRAPHIC TECHNIQUES
As in X-or gama-radiography, x-ray film is the medium for producing neutron radiographs. For radiographying radioactive materials the nitrocellulose film is also used.
Unfortunately, neutrons have very little direct effect on photographic film. Thus an intensifying screen of some kind is needed to improve the speed of the film. The nitrocellulose film must also be used with a converter screen, as neutrons do not directly affect this type of film.
Of the many existing methods of recording neutron images, only those which are widely used in practice will be described here. They are the following: the direct and transfer technique using metal converter foils with X-ray film and the track-etch technique using nitrocellulose film. The properties of metals used as converter foils for the direct and transfe techniques are . Predomiant nuclear reaction: (n, 7 ). Half-life of radiation emitter: promt; 54 min; 2.5 h. Type and energy of radiation: ic fiT, 71 fceV (main); p~, 1.28 MeV (max); fT, l.oo MeV (max).
Information about other techniques used in neutron radiography can be found in numerous references on the subject.
Direct Exposure Technique
In the direct exposure technuque a metal converter foil is placed in contact with X-ray film during the actual exposure ( fig. 3 ). Usually, a single gadolinium back screen is used. This screen emits gamma-radiation on absorbing neutrons. The gammas in the spectrum from gadolinium are suitable for producing electrons by internal conversion. Those low-energy electrons essentially expose only the emulsion facing the gadolinium. Single coated slow X-ray films are therefore used with the direct technuque. With the direct exposure technique, using Gd converter foil, a very good spatial resolution can be achieved. A typical thermal neutron exposure for a slow, single coated X-ray film and a single 25 /an Gd screen is about 10 9 n.cm~2.
Transfer Technique
In the transfer technique ( fig. 4 ) only the converter screen is exposed directly to neutrons. The matal screen, placed in the neutron beam, becomes radioactive in proportion to the intensities in spatial neutron image. The screen is subsequently transferred from the neutron beam to a dark room where it is placed in close contact with the x-ray film using a vacuum cassette. The radioactive emission from the screen then produces an image on the film. 
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For the transfer texhnique a material must be chosen which is rapidly activated and has a rapid decay, so that it can be used again. Indium and dysprosium are the most commonly used materials.
The transfer method offers the advantage that the film, which is not present in the neutron beam, is not exposed to gammaradiation from a radioactive object or from gamma-rays in the neutron beam itself.
The more energetic ^-particles emitted by the transfer screens have sufficient energy to penetrate normal photosensitive film completely. Thus both emulsions of a double coated X-ray film will contribute appreciably to the film density and to the unsharpness. To avoid the latter it is important to use single coated films.
For the transfer technique mainly indium and dysprosium foils are used. Dysprosium is a harder metal and therefore easier to handle and maintain. It also has a higher thermal cross section and longer half-life. Therefore, it can be used with weaker neutron beams.
For a 100 fm Dy converter an exposure to neutrons of 3 x 10 9 n.cm" 2 , followed by an exposure of several half-lives of the converter to a medium speed X-ray film, will be needed. A good spatial resolution can be reached whit a single coated film.
Track-etch Technique
For neutron radiography of radioactive objects (such as irradiated nuclear fuel) nitrocellulose film is used as a neutron detector. This is a dielectric material which can detect charged particles by the radiation damage caused in it. Those charged particles are produced by an u-emitting converter screen. The radiation damage is made visible by etching in hot sodium hydroxide solution (e.g., in 10% NaOH for 45 min at 50 C). The nitrocellulose film, sandwiched between two a-emitting converter screens, is placed directly in the neutron beam (fig. 5) as it is insensitive to gamma-rays. As the nitrocellulose' film is also insensitive to visible light the consecutive etching need not be done in a dark room.
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VIEWING OF NEUTRON RADIOGRAPHS
Viewing neutron radiographs produced by the direct or transfer metod on X-ray film creates no special problems. Neutron radiographs produced by the track-etch technique on the other hand are unsuited for direct viewing because of their low contrast. The contrast can be significantly improved by printing the film on a high contrast film, using a point source enlarger. However, the nitrocellulose film can be directly examined by placing it between two polarizing filters.
DYNAMIC IMAGING
Although methods of dynamic imaging could more appropriately be called neutron fluoroscopy than neutron radiography, they will be shortly reviewed here. The principle of a TV system of neutron fluoroscopy is shown in fig. 6 . A more sophisticated system uses neutron image intensifier tubes with a front gadolinium screen. The secondary electrons from it are accelerated on to a scintillator screen on which the neutron picture can be observed. This neutron tube (or neutron camera) can be used with a TV system (camera and monitor) to provide a remote display and recording.
One of the most impress /e applications of neutron fluoroscopy has been the cold neutron fluoroscopy of a running aircraft gas turbine engine or a car engine, in order to establish the dynamic distriburion of the lubricating oil through the oil passages within the engine. Under the NRWG test program beam purity and sensitivity indicators, together with a special calibration fuel pin were tested in 11 facilities of 7 centers in 6 countries. The purpose of this program is to choose the best image quality indicators for neutron radiography of nuclear fuel and to determine with which accuracy and by which methods dimensions from neutron radiographs can best be measured.
STANDARDIZATION As neutron radiography is a relatively new
APPLICATIONS OF NEUTRON RADIOGRAPHY
Although neutron radiography is a well established non-destructive (NDT) testing technique for quite a long time no special book on its applications has as yet been published. You cannot even find a comprehensive publication on the subject. For this reason the best source of information on applications of neutron radiography (NR) are the proceedings of the First (San Diego, 1981) and Second (Paris, 1986) World Conferences on Neutron Radiography [3, 4] . While collecting detailed information about the design and construction of collimators for thermal neutron radiography, handbooks and general publications as well as conferences on NDT and NR were reviewed. They are listed in chapters 2 and 3 of [5] , where adequate references can be found. They may also be useful for the search of information on applications of NR.
As early as 1965 Berger in the first book published on NR had written a separate chapter on its applications [6] . There he has suggested three main areas of applications for NR: reactor technology (fuel elements, shielding, coolants, inclusions); rocket and missile technology (fuels, components, gaskets) ; general applications (biology, plastics, platings, diffusion, gaskets).
This general division is still valid today.
Many interesting examples of NR applications in France are given in [7] .
A more detailed review of NR applications in the following fields can be found in [8] : nuclear, aerospace, explosives and ordnance as well as biology.
A list of reports which describe NR applications up to 1977 is given by Barton in [9] .
A special issue of the IAEA Atomic Energy Review [10] deals also with the applications of NR for the control of nuclear fuel, studies of hydrogen transport, operations in industry with specific reference to metallurgy.
R. Based on the literature described above an overview of applications of NR will be given below.
As it is impossible to discuss in detail all the various applications of NR, only a few examples were chosen, limited to those that could be illustrated with appropriate neutron radiographs. For those who would like to know about some more applications the review of literature on this subjects was given above.
As is well known it is very difficult, or at times even impossible, to reproduce radiographs by ordinary printing methods. This is equally valid for neutron radiographs. Therefore in the printed version of this paper only very few neutron radiographs will be reproduced, whereas the oral presentation will make an ample use of them. This is possible because many slides of original neutron radiographs were kindly supplied by several authors of papers on applications of NR. Their contribution is kindly acknowledged herewith.
Nuclear industry
One of the main fields of application of NR is the nuclear industry. Here NR is applied mainly to control irradiated nuclear fuel as well as reactor control rods. Due to the high radioactivity of the nuclear fuel X-ray radiography cannot be used. Here the transfer and track-etch method of NR give the solution.
The defects can be located in different parts of the nuclear fuel. (The term "defect" is used to designate a change in appearance shown on an original radiograph of a particular part of the fuel as fabricated, to that shown on a subsequent radiograph, usually post irradiation).
Some typical examples of nuclear fuel pins are given in fig. 7 where all the components of the pins are listed. They represent pelletized, annual and vibro-compacted fuel.
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T^l^^f ^F*7TW The assessment of neutron radiographs of nuclear fuel elements can be much easier, faster and simpler if reference can be made to typical defects that can be revealed by neutron radiography. Therefore it was felt that a classification of such defects will help speed up the assessment procedure. Therefore such a classification was established by the NRWG, and "Reference Neutron Radiographs of Nuclear Reactor Fuel" were published in 1984 [2] . On fig. 8 examples of pelletized fuel are given, whereas fig. 9 shows annular fuel, and fig. 10 vibro-compacted fuel. Cladding   is shown on fig. 11, plenum on fig. 12, Plug on fig. 13 NR has also been used to the study of soil and rock. This was reported in [8] (pp. 241 to 251), where the use of californium-»52 for scanning inhomogeneities in moisture and density is described.
In this publication classification of neutron radiographic findings (in light water and fast reactor) is given together with 158 examples of defects in nuclear fuel as well as its different parts as fabricated. The text of this collection is produced both in English and
In a paper in [4] (pp. 271 to 279) the investigation by NR of mass transfer in a partially frozen soil is described. Here neutrons from a research reactor were used for the study.
The internal structure of electric contacts can be studied by NR, as described in [7] (pp. 34 to 37). This method consists of applying a neutron absorbing grease (e.g. grease rich in hydrogen, borated grease or one containing gadolinium sulphate) to the surface of the contacts prior to their closing. After closing the contacts the grease will be forced to leave the surfaces of good contact and concentrate in the zones of bad con- Using the neutron autoradiographic technique it was ascertained that the world-renowned painting "The man with the golden helmet" attributed to Rembrandt was in fact not painted by him. 
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